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INTRODUCTION 
White clover is found growing in nearly all parts of the 
world where climate and soil conditions are favorable. The 
plant normally grows as a long-lived perennial, but in the 
south behaves as a winter annual. White clover is cross-
pollinated, and under different environmental conditions 
various genotypes have developed and survived. 
Many strains of white clover selected in breeding 
programs have received names in the trade. The strains are 
generally grouped as large, represented by Ladino white 
clover; intermediate, as typified by the naturalized Louisi­
ana strain; and low-growing or common types, developed in 
pastures after years of continuous close grazing. These last 
types appear in most permanent pastures without being seeded 
by man. 
The high productiveness, rapid recovery, and high protein 
content of the plant are responsible for the inclusion of 
Ladino clover in many pasture mixtures. Several problems are 
involved in the use of the crop. Ladino clover does not 
bloom freely in the south. In the eastern United States, 
as well as in the corn belt, the weather is not consistently 
favorable for good pollination of white clover nor are 
weather conditions ideal for seed harvest. Thus Ladino clover 
seed is usually produced in the western irrigated areas of 
the United States. Under conditions in which seed is in­
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creased for several generations in areas other than those 
in which the seed is used, genetic shifts in plant types have 
been noted. 
The primary objective of this study was to evaluate the 
manner and extent to which temperature and length of day 
might influence flowering of a diverse group of Ladino and 
other white clover strains. Specific information desired 
included the length and degree of cold treatment required to 
increase the flowering of white clover; the effect which cold 
and daylength might have with regard to hastening flower ap­
pearance; and the interaction between temperature and day-
length. The above information would be of value in deter­
mining or predicting possible genetic shifts in seed produc­
ing areas. It would also be useful for manipulation of 
flowering response in greenhouse breeding programs during 
the winter months when a scarcity of blooms is often noted. 
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REVIEW OF LITERATURE 
A detailed review of vernalization and photoperiodism 
has been prepared by Murneek and Whyte (68). Thompson (87) 
has reviewed the effects of temperature on several vegetable 
crops. Three reviews dealing with the physiology of flowering 
have appeared in the Annual Review of Plant Physiology series 
in the last ten years by Lang (55) > Liverman (60), and 
Doorenbos and Wellensiek (24). Wassink and Stolwijk (94) 
have reviewed the effects of light quality on plant growth. 
Borthwick et al. (7) have prepared an extensive review on 
photoperiodism which includes much of their own work on 
light quality and its effect on photoperiodic responses. 
On the basis of the preceding reviews it has been 
generally accepted that the floral stimulus in long-day 
plants and short-day plants is generated in the leaves under 
the influence of photoinduction and is then translocated to 
the growing points. The stimulus appears to be alike in long-
day plants and short-day plants. For short-day plants one 
or more periods of continuous darkness of some minimum 
critical length is necessary for the production of the sup­
posed flowering hormone. An interruption of this minimum 
dark period by light of short duration and low intensity will 
prevent floral initiation. An essential feature in the re­
sponse of long-day plants is an inhibitory effect of long 
dark periods, which prevent formation of the floral stimulus. 
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This inhibition is counteracted by small amounts of light 
energy applied as supplemental light to extend the daylength, 
or applied as a light break of short duration during the 
night. 
Borthwick and Parker (9) found that the red portion of 
the spectrum is particularly effective for inhibition of the 
dark period reaction. Radiation from incandescent lamps was 
more effective in promoting seekstalk and flower formation 
in sugar beet than radiation of the same intensity from 
fluorescent lamps. Garden beet and Hyoscyamus also were more 
responsive to incandescent filament radiation. Schwabe (80) 
noted that long-day species responded markedly to light source. 
Greenhouse experiments were conducted in northern Sweden 
where control plants were given a 20 hour photoperiod. When 
half of a 20-hour photoperiod consisted of fluorescent light, 
annual beet did not flower and flowering of Hyoscyamus and 
Wintex barley was delayed. In Wintex barley, anthesis oc­
curred with incandescent light even earlier than in a 20-hour 
day of full daylight. 
Takimoto (85) found that light from daylight type 
fluorescent tubes given continuously for 10 days (200 f.c. 
at leaf surface) scarcely induced flowering of Silene armeria« 
whereas incandescent light (30-70 f.c.) readily induced 
flowering. Pink fluorescent light also induced flowering and 
suggested a positive effect rather than a nullification of 
5 
the dark period. 
Vince (92) subjected chrysanthemums to an 8-hour day 
2 plus 9 hours of supplemental light of 1,500 ergs cm sec., 
and days to budding was significantly delayed by more than 
two weeks when green or red light was used. 
In a series of experiments, Stroun (84) demonstrated 
that light duration was the dominant factor affecting floral 
expression of several cereals until appearance of protuber­
ances on the spikelets; this he called the photostage. From 
the differentiation of the spikelets to floral expression 
the primary factor influencing development was composition 
of the light spectrum; this was called the spectrostage. Red 
radiation was most effective in this last stage. 
Using the technique of interrupting the dark period with 
brief exposures of light of narrow spectral bands, Borthwick 
et al. (8) and Hendricks et al. (4l) have studied the action 
spectrum of the radiation which annuls the effect of darkness. 
They showed that a pigment system was involved which played 
a role in flowering as well as in many other processes af­
fected by light. Absorption was noted throughout the entire 
visible portion of the spectrum with a pronounced maximum in 
the red. The reaction was written; 
6.600 Ay 
PH2 + A ^ P + AH2 
7,350 1 
in which PH2 and P are the reduced and oxidized forms of a 
6 
O 
pigment with absorption maxima near 6,600 and 7>350 A re­
spectively, and A and AH^ are a hydrogen acceptor and donor 
respectively. They considered that the oxidized pigment is 
an enzyme controlling an essential reaction. Interconversion 
of the oxidized and reduced forms of the pigment produce 
striking biological responses which can be achieved with low 
irradiances. 
Hendricks and Borthwick (40) reported that plants under 
high irradiances in the region 6,000 to 8,000 A showed re­
sponses arising from other than the reversibility of the 
preceding photoreaction. The pigment was effective at high 
irradiances in spectral regions where the absorbancies of the 
oxidized and reduced pigment were both appreciable. The ac­
tion with high irradiation depended in part upon the 
simultaneous absorptions of the two forms. This action was 
found to control anthocyanin formation and many other re­
sponses, including some aspects of photoperiodic induction 
of flowering and seed germination. 
The relation between the photoreaction and a biochemical 
system which might control plant growth is unknown. There 
is considerable evidence that auxin metabolism is involved. 
Thurlow and Bonner (89), Bonner and Thurlow (5), and Leopold 
and Thimann (59) found that flowering of short-day plants 
growing under inductive conditions was inhibited by the ap­
plication of auxin. Galston (27) and Thimann and Bonner (86) 
have reported induction of flowering under threshold condi­
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tions following application of the auxin antagonist, 2,3,5-
triiodobenzoic acid. Fisher (26) found that application of 
nicotine sulfate and triiodobenzoic acid induced flowering 
of soybean. 
Work with long day plants by Hussey and Gregory (48), 
Leopold and Thimann (59), and Liverman and Lang (6l) has 
indicated that auxin promoted flowering. Vlitos and Meudt 
(93) found more indoleacetic acid in plants of Biloxi soybean 
grown with 8-hour days than in those under 18-hour days. In 
Lincoln soybean the difference in indoleacetic acid content 
was slight. Both varieties had a much higher content of 
indolepyruvic acid, a precursor of indoleacetic acid, in 
short days than in long. However, Gilson, as reported by 
Doorenbos and Wellensiek (24), found equal amounts of auxin 
in plants of Hyoscyamus niger grown under 16-hour or 8-hour 
daylengths. Garay and Garay (30) reported that Lupinus alba 
seedlings grown under 8-hour and 18-hour daylengths exhibited 
strong indoleacetic acid oxidase activity in the homogenates 
from the short-day plants, whereas the indoleacetic acid was 
not oxidized in the extract from the long-day plants. Door­
enbos and Wellensiek (24) stated that the effect of light 
and darkness on auxin content depends on the species involved, 
and that conflicting data can be brought into agreement only 
when the specific chemical nature of the substance which is 
involved is determined. 
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The gibberellins have provided a useful tool for the 
investigation of physiological processes in plants and are 
believed to play a role in auxin regulation. Substances with 
gibberellin-like activity have been isolated from many plant 
species by Radley (76) and Phinney et al. (73 ) • MacMillan 
and Suter (66) were successful in isolating pure crystalline 
gibberellin from immature seeds of the runner bean, Phase-
olus multiflorus. 
Many types of responses, including induction or accelera­
tion of flowering, have been reported after application of the 
gibberellins. These have been summarized in recent reviews 
by Stowe and- Yamaki (82, 83). In these reviews it was pointed 
out that the gibberellins promote flowering of biennials 
which otherwise require exposure to low temperature. They 
may also induce flowering in some long-day plants under short-
day conditions. Evans (25) showed that daily application of 
gibberellic acid to the subterranean clover variety Dwalganup 
grown under an 8-hour photoperiod decreased the time for 
flowering from 94 to 44 days. Stoddard (8l) obtained 80 per 
cent more flowering of red clover and noted that flowering 
heads appeared 12 to 14 days earlier following treatment with 
gibberellic acid. Threshold conditions were provided in this 
experiment. Daylength was maintained at 18 hours while the 
temperature was maintained at 65-70°F during the day and at 
53_58°F during the night. Gibberellic acid treated plants 
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produced a greater number of tertiary branches on the second­
ary branches, suggesting to him a disturbance of the hormonal 
balance which had imposed apical dominance upon the secondary 
branches. 
Chailakian (15) observed that gibberellin induced flower­
ing of long-day species was always preceded by formation and 
growth of stems, which did not occur in short-day species. 
Gibberellins were not transformed in the leaves either under 
short-day or long-day conditions, but acted directly in the 
stem buds despite unfavorable day-lengths acting upon the 
leaves. From this he hypothesized that flowering hormones 
(florigen) consist of two groups of substances ; gibberellins 
necessary for stem formation, and anthesins (substances of 
high physiological activity such as auxins, vitamins, 
enzymes), necessary for flowering. Neutral species have both 
gibberellins and anthesins on any day-length. Failure to 
flower in long-day species under short-day conditions is 
caused by a lack of gibberellins, while the failure of short-
day species to flower on long days is due to the lack of 
anthesins. Nonvernalized winter and biennial varieties fail 
to flower under long-day conditions due to absence of gib­
berellins and under short-day conditions because of the ab­
sence of both gibberellins and anthesins. 
Galston (28) has demonstrated a correlation between 
distribution of indoleacetic acid oxidase in the shoot of 
peas with the growth rate of the tissues. The enzyme was 
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present at low levels in rapidly growing parts of the shoot 
and was more abundant in more mature regions. An inhibitor 
of the indoleacetic acid oxidase was present in green plants 
but not in etiolated plants, so that the indoleacetic acid 
activity was reduced in crude extracts of the green plants. 
He reported that this enzyme inhibitor was less abundant in 
dwarf than in tall peas, and that it occurred in greater 
quantity in dwarf plants after treatment with gibberellic 
acid. Thus, he concluded, the indoleacetic acid oxidase 
could be the inhibiting system postulated by Brian and Hemming 
(11) and gibberellic acid could be considered to reverse its 
activity by stimulating production of the indoleacetic acid 
oxidase inhibitor. Galston and Warburg (29) suggested that 
there is good evidence that gibberellic acid causes cells to 
produce a substance which acts, in vitro in the pea plant, 
like an auxin sparing substance and acts in vivo like a 
promoter of growth and of gibberellic acid-indoleacetic acid 
synergism. Such an auxin-sparing mechanism was suggested by 
Pilet (7^), who presented evidence of direct inhibition of 
indoleacetic acid oxidase activity, which prevents the 
destruction in vivo of auxin in carrot tissue known to ex­
hibit indoleacetic acid oxidase activity. The ultimate ef­
fect of gibberellic acid by indirectly lowering the activity 
of indoleacetic acid oxidase should be to raise auxin levels 
in the plant. Nitsch (69) has reported an increase in auxin 
11 
level of Rhus typhina after application of gibberellic acid. 
Hillman and Galston (43) showed that indoleacetic acid 
oxidase activity of intact pea buds, as assayed in extracts, 
was inductively inhibited by low energy of red light. The 
inhibition was reversible by near infrared light given im­
mediately after the red irradiation. Galston, as reported 
by Galston and Warburg (29), was able to show that depression 
of indoleacetic acid oxidase activity was due to higher levels 
of a substance, presumptively phenolic, which acts as an in­
hibitor of auxin destruction. 
Gortner et al. (36), using extracts of pineapple stem, 
have demonstrated that two cinnamic acid derivatives were 
involved as modifiers of the indoleacetic acid oxidase and 
that both occurred naturally in the tissue. The coenzyme 
for pineapple oxidase was p-coumaric acid while ferulic acid 
(3-methoxy-4-hydroxy-cinnamic acid), a weak co-factor in the 
absence of p-coumaric acid, was a strong inhibitor of the 
activated indoleacetic acid oxidase system. Pilet and Collet 
(75) reported that the enzymatic destruction of indoleacetic 
acid in the root of Lens culinarius was prevented by addition 
of gibberellic acid or by addition of ferulic acid. 
Gordon (33) noted that ultraviolet light treatment had 
in several instances altered the auxin metabolism other than 
by direct destruction. Brodfuhrer (12) attributed various 
plant responses to the amount of ultraviolet radiation. 
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There appeared to be a sensitive period during juvenile stages 
of growth of annual plants and at the beginning of development 
of individual organs of perennial plants. She suggested that 
this in turn indicated a relationship to the growth substance 
economy of the plant. 
Lockhart (62) found that inhibition of stem growth in 
Cucurbita pepo and Phaseolus vulgaris, induced by ultraviolet 
light from a ten-minute treatment with a mercury vapor germ­
icidal lamp (peak 25*+ mt\), was not reversed by gibberellic 
acid and/or indoleacetic acid. 
Raskins and Gorz (39) reported the conversion of o-hy-
droxycinnamic acid from the cis to the trans form upon ex­
posure to ultraviolet light. Karrer (50) states that the 
cis -form is known in the form of salts while the trans-form 
is stable. It is pertinent to note that many of the in­
hibitors found to reduce indoleacetic acid oxidase activity, 
characteristically have at least one free hydroxyl group on 
an aromatic ring ortho to another grouping. 
Gortner and Kent (35) presented a scheme involving two 
adsorption sites on the enzyme and suggested that the in­
hibitor and natural cofactor may attach at either site on 
the protein with differing affinities, with the manner of 
attachment leading to inactive combinations. 
Within a given species there may be found a wide range 
of responsiveness to variation in length of day or photo­
period. Borthwick and Parker (10) have shown that with the 
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soybean, a typical short-day plant, all may flower with an 
8-10 hour photoperiod while some may flower with daylength 
extended to 14 hours and a few may flower in continuous 
light. Working with Xanthium, Salisbury and Bonner (79) re­
ported that rate of development of the floral bud was depend­
ent upon the intensity of the original act of induction. 
Biddulph (4) and Greulach (38) have found that some partially 
induced plants develop "vegetative flowers" when placed on 
photoperiods unfavorable for development of flowers. 
Typical long-day plants have shown a similar range of 
responses. All flower in continuous light but some can 
flower on relatively short photoperiods. Olmstead (70, 71) 
investigated strains of side-oats grama grass, Bouteloua 
curtipendula. from twelve geographic areas from Texas to 
North Dakota. The strains encompassed a range from short to 
long-day types, each best adapted to photoperiods existing 
in their native habitat. 
The influence of temperature upon reproductive growth 
of plants is closely interrelated with photoperiodic effects. 
Thompson (87) has pointed out that some strains or species 
will not flower unless they have been exposed for some period 
of time to temperature below a certain level. Long-term 
thermoperiodicity with a temporary low optimum is useful in 
breaking seed dormancy (stratification), in breaking winter 
dormancy of buds, and affects floral induction in a number 
14 
of species. Diurnal thermoperiodicity refers to the daily 
cycle of temperature changes. Roberts (??) and Aitken (3) 
have shown that the temperature of the dark period is much 
more critical in its influence on reproductive growth of many 
plants than the temperature of the light period. Gregory 
(37) demonstrated that the low temperature requirement was 
satisfied by exposure of the developing embryo. Cairns (14) 
and Aitken (3) have vernalized germinating seeds, while 
Thompson (87) reported many instances of vernalization of 
vegetative plants. 
Whyte (95) stated that it is not known if the vernaliza­
tion process results in the production of a flower forming 
substance or whether vernalization simply removes some 
physiological restriction to the production of the flower 
hormone. Highkin (42) found that diffusate, obtained from 
soaking seed of a normally quantitatively vernalizable variety 
of pea at 4°C, was effective in reducing the number of nodes 
formed before flowering in nonvernalized peas. Tomita (91) 
observed that diffusate from vernalized rye seedling ac­
celerated heading of unvernalized rye and wheat plants and 
also of annual meadow grass Poa annua. Using paper chroma­
tography, he obtained two kinds of auxin, presumed to be 
indole compounds, presumably auxin other than indoleacetic 
acid or napthaleneacetic acid. 
Cooper (18, 20, 21) noted that cold-requiring strains 
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of rye grass originated in regions of high latitude or alti­
tude. The summer annual form showed no response to short 
days or low temperature induction and headed rapidly in 
continuous light. The winter annual produced heads eventual­
ly without low temperature or short days but heading was 
hastened by these factors. The biennial and perennial rye­
grass varied with respect to cold or short-day requirements , 
depending on origin. Some failed to head without previous 
cold or short days. Peterson and Loomis (72), Gardner (31), 
and Wycherly (96) found that several grasses of the north 
temperate zone require cold temperatures and short days for 
floral induction followed by long days at higher temperatures 
for floral expression. 
Responses of such grasses as timothy have varied with 
the strains and the techniques used. Cooper (19) concluded 
that timothy has no requirement for low temperature (0-5°O 
or short days. With greenhouse temperatures of 55-65°F Amer­
ican and Canadian strains flowered freely, many Scandinavian 
strains, however, did not. Cocks (17) seeded timothy out of 
doors on March 13 (after which there was a ten-day period of 
mean outdoor temperatures less than 50°F from 14ay 3-13) and 
found that all strains produced heads in the seeding year, 
but that with subsequent sowings the proportion of heading 
plants progressively declined. Heading dates among the 
strains in the sowing year differed considerably from those 
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in the same plants after overwintering. Variability in head­
ing date within the strains was much greater in the sowing 
year than after overwintering. 
Numerous responses to day-length and temperature have 
been recorded with forage legumes. Tincker (90) kept red 
clover growing in a non-flowering condition for four years 
when subjected to a 10-hour photoperiod. Keller and Peterson 
(5l) showed that medium red clover produced numerous flowers 
when given 14 or 18-hour photoperiods. Gorman (34) found 
shorter photoperiods of 13 to 14 hours useful in separating 
varietal responses. He reported no additional effect of 
chilling treatments of six days in a cold chamber at 36-38°F 
when growing the non-treated checks with a minimum night 
temperature of 45-50°F. Cairns (13) also reported no effect 
of chilling on floral response of red clover. McKee (64) 
found that vernalization of red clover seed promoted flower­
ing both in the greenhouse and out of doors. Lots planted 
in April without chilling failed to bloom. Roberts and 
Struckmeyer (78) found that with constant temperatures, 
flowering of red clover was most pronounced with a cool 
temperature (55° minimum) and long days. No flowering was 
obtained under short-day conditions. 
Crimson clover is one of the most important winter an­
nual legumes of the southern states. According to Hollowell 
(44) spring planting of crimson clover in or south of the 
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corn belt has usually resulted in a short, stunted growth 
followed by little blossoming and low yield. Hoilowell (45) 
has stated that crimson clover initiates flower stems when 
the length of day exceeds 12 hours. When planted in May in-
northern Maine under conditions of long day and cool tempera­
ture, Aamodt (1) reported that it behaved as a summer annual, 
produced rapid growth and eventually bloomed in late August 
at which time the daylength was rapidly decreasing and 
vegetative growth was again stimulated. 
Knight and Hollowell (53), using increased daylength, 
found that crimson clover flowered earlier as the length of 
the photoperiod was increased and that high night temperature 
from germination to maturity inhibited flower production. 
McKee (64) noted a floral response to cool temperatures in 
greenhouse experiments with crimson clover. 
Hollowell (46) reported that strawberry clover, a peren­
nial, under most conditions, does not bloom until the first 
year after seeding. 
Following the introduction of phosphate fertilizers into 
the agricultural program in Australia, the use of subterranean 
clover there has been highly successful and this legume has 
been the object of extensive research. Aitken (3) stated 
that it is grown as a winter annual and exhibits a highly 
variable flowering behavior depending on the area in which 
it is grown. She suggested that a cold requirement is the 
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primary factor which determines the time of flowering of 
different strains of subterranean clover. The flowering time 
of strains diverged more in localities where winter tempera­
tures were higher. An early flowering variety had a cold 
requirement of a few weeks with a critical temperature of 
about 75°F with a 10-hour photoperiod, or 60° and a 14-hour 
photoperiod. Using the number of nodes produced before 
flowering as the criterion for measuring cool temperature 
response, an outside temperature level of 50-59°F was sug­
gested as roughly equivalent to vernalization in accelerating 
flowering and lessening the number of nodes to flowering. 
Exposure to cool nights, 46-53°F was as effective in hasten­
ing flowering as a continuous exposure to such conditions. 
Morley and Davern (67) evaluated several Moroccan strains 
of subterranean clover and found that coastal strains 
flowered under a 16-hour photoperiod with temperatures no 
lower than 55° F, while mountain strains required vernaliza­
tion. Davidson (23) applied the findings of Aitken to the 
climatic data of Kenya to discover which areas had sufficient­
ly low temperatures and a growing season long enough for one 
of the main commercial varieties of subterranean clover. It 
was found that, with sufficient moisture available, late and 
midseason varieties could be expected to set seed only at the 
highest altitudes, while the early varieties should have a 
wider distribution. 
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Evans (25) reported that all strains of subterranean 
clover grown in continuous light showed a reduction in the 
time to floret appearance with a rise in mean temperature of 
from 12.3-25.3°C, but when grown in l6-hour photoperiods 
flowering was later and was delayed by a rise in mean tem­
perature above 19°C. He hypothesized that flower initiation 
appears to be under the control of three interacting partial 
processes. The two promotive processes are possibly both 
light-independent, one being favored by high temperatures and 
the other (vernalization) by low temperatures. The in­
hibitory process, on the other hand is restricted to the 
diurnal dark period and is favored by high temperatures. The 
interaction between the vernalization and the dark inhibitory 
process is such that in the absence of dark inhibition no 
vernalization is required by any strain, while sufficient 
vernalization can apparently overcome all dark inhibitory 
effects. 
Landau (54) reported that flowering of a number of native 
Palestinian legumes was hastened by high temperatures, in­
dicating a behavior diametrically opposed to that attributed 
to certain species of Medicago and Trifolium. These in­
vestigations however, were carried out in a greenhouse main­
tained above 14°C, which actually approached the critical 
temperature for vernalization as reported by Aitken (3). 
Ahlgren and Fullerman (2) have attributed the failure 
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of Ladino clover to make inroads into the South to be due 
to a higher temperature plus shorter day-length. Under 
southern conditions the higher temperatures of mid-summer 
prevented the plant from living as a perennial. Successful 
survival of a stand thus depended on the production of seed. 
Thompson (88) has reported that Ladino clover does not bloom 
freely in the South. Hollowell (44) stated that common white 
clover of the northern states is not recommended in the 
southern states because it produces low yields there and 
fails to reseed for volunteering. McCloud and Cole (63) sug­
gested that the short day-length is the primary factor re­
sponsible for the failure of flowering of Ladino clover in 
Florida. 
A great deal of diversity may exist in any lot of seed. 
In several instances it has been shown that seed production 
in certain areas has resulted in some natural selection. 
Chamblee (16) noted that seed lots grown in different west 
coast regions showed a great deal of diversity in amount of 
flowering when grown in North Carolina. Plants from Cali­
fornia seed lots flowered more profusely than those from 
Oregon. On the basis of performance in Alabama, Gibson (32) 
classified white clover into three groups: group I, non-
flowering, Oregon Pilgrim; group II, medium flowering from 
northern and central California ; and group III, profuse 
flowering, Louisiana white clover and another intermediate 
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type. He found that by extending the light period to 17-19 
hours from February 1 to July 1, the non-flowering entries 
bloomed but at a later date than the adapted strains under 
normal day-length. Non-flowering clones (northern) persisted 
longer under the normal daylight period than under the ex­
tended light period which caused the plants to blossom. 
Crandall (22) observed the behavior of a large number 
of types and strains of white clover to determine their 
possible value in Iowa. Flowering habits were noted and 
flower heads were counted in September of the seeding year. 
The Louisiana lot averaged 86 flowers per plot. The Iowa and 
other corn belt strains as a group averaged 13-19 flowers 
per plot and two Ladino lots had 10 flowers per plot. 
English, Danish, and New Zealand strains produced few blooms. 
Ratings were given for flowering in the second year. The 
midwest strains were the most prolific flowering the second 
year, with higher June flower rating as compared to Ladino 
clover. English and other imported strains were poor seed 
producers under Iowa conditions. 
Attempts have been made to determine the extent of pos­
sible genetic shifts in Ladino clover when produced under 
varying climatic conditions of temperature and photoperiod. 
Jackobs and Hittle (49) noted that flowering of intermediate 
and dwarf types was distinctly different from certified lots 
of Ladino clover. Dwarf types flowered earlier and quit 
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sooner, stopping by August 2, while Ladino lots continued to 
flower after this date. Flowering in July of one year was 
negatively associated with flowering in May of the second 
year. Common white clover and Louisiana white clover flowered 
more heavily in May of the second year. Laude et al. (56) 
used twenty-one clonal lines of Pilgrim Ladino clover - all 
possessed long-day photoperiodic behavior. Variability be­
tween clones was more apparent at the shorter photoperiods. 
Overwintering hastened flowering by as much as 8 weeks, in­
creased the number of heads produced, and narrowed the range 
of dates to first bloom. Prior to this Cairns (l4) in New 
Zealand had been studying the effect of vegetative vernaliza­
tion on white clover. He observed that the chilling of 
germinating white clover seed for 10-30 days gave an increase 
in plants reaching the flowering stage when grown for a 106 
day period, and shortened the number of days to bloom. 
Roberts and Struckmeyer (78), using constant greenhouse 
temperatures, reported better flower clusters were obtained 
by starting plants of alfalfa, white clover, and red clover 
at a cool temperature and transferring them to a moderate 
temperature. Cuttings of Louisiana white clover flowered 
under short and long days except at the warm (70-75°F) tem­
perature with short-day conditions. 
The spring flowering of white clover in the natural 
state occurs on plants which have overwintered in the field 
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and the date of flowering is relatively uniform. Leopold and 
Jones (58) reported that a tabulation of 328 seasonal events 
over a ten-year period in Dade and Sauk counties in Wisconsin, 
indicated that some plants showed little variability in date 
of first bloom and seem to be governed more by length of day 
than by current weather. White clover was the least variable 
plant, with a standard deviation of 2.4 days or 1/3 the 
standard deviation prevailing in other plants during the same 
month. 
Having reviewed some of the major factors affecting 
flowering, it is pertinent to note that although a system has 
been shown for reception of light energy and much is known 
about plant responses, relatively little is known about the 
metabolic processes. 
With respect to auxin metabolism it should be kept in 
mind that correlations are not necessarily causal. Bonner 
(6) pointed out that elucidation of the role of auxin is 
complicated by the presence of several mechanisms, hence 
pathways for destruction, and a number of degradation 
products, not adequately characterized, which are used as an 
indirect measure of auxin level. He further stated that 
there is no one specific indoleacetic acid oxidase but rather 
a variety of indoleacetic acid oxidizing systems that have 
been produced as a result of cell rupture, the significance 
of which has yet to be assessed in terms of growth and 
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development of the intact tissue. 
Knapp (52) investigated several attributes of growth of 
sweetclover under controlled conditions and noted that varia­
tions of 3-6°C in diurnal temperatures resulted in marked 
increases in shoot height, fresh weight, flowering, and 
racemes per plant. 
Lawrence (57) pointed out that the chief characteristic 
of the average glasshouse is its great variability. Within 
10 minutes, total radiation and light intensity within the 
glasshouse could vary as much as 50 per cent and the air 
temperature by 10 per cent. 
Hudson (4?) has covered the problems involved in the 
study of plant response in controlled environments. Although 
many valuable data have been obtained, interpretation has been 
difficult because of the way in which the individual factors 
vary under natural conditions. McKinney (65) noted the dif­
ficulties encountered in the interpretation of such informa­
tion and noted that flowering occurred over a wide range of 
photoperiodic and temperature conditions, and that optimal 
conditions for earliest sexual reproduction were not neces­
sarily the same as for highest seed yield. 
25 
MATERIAL AND METHODS 
General Techniques 
Nine clones of Ladino white clover, previously evaluated 
in field trials, were obtained from the Iowa State University 
Agronomy Farm, Ames, Iowa. Four high and four low seed set­
ting clones, plus one non-blooming clone, were selected for 
this study. Three clones of common white clover, obtained 
from old established sods in Michigan, Minnesota, and Arizona, 
were also included in the study. 
Unless otherwise indicated the plants used in this study 
were obtained by propagating two-inch stolon tip sections in 
vermiculite for a 5 to 6-week rooting period. After inser­
tion into the vermiculite, the cuttings were watered with a 
solution containing clover-type Rhizobium. 
For the greenhouse experiments, the rooted cuttings were 
planted in 4-inch clay pots containing a 2:2:1 mixture of 
sand, soil and peat respectively. At two-week intervals 12 
ml of a nutrient solution was added to each pot. The solu­
tion was made up of 10 gm MgSO^, 30 gm KC1, 30 gm KH2P01+, and 
50 gm CaH2(P0^)2 in 11 liters of water. 
Supplemental lighting, controlled by time switches, was 
provided by 200-watt incandescent lamps with porcelain re­
flectors spaced 3 feet apart and hung three feet above the 
greenhouse bench, providing a light with intensity of ap­
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proximately 150 foot candles. 
Aside from the studies involving low temperature treat­
ments, the greenhouse thermostats were set at 78°F. Tempera­
tures were variable however and occasionally dropped to as 
low as 65°F during severe weather periods in January and 
February. Summer temperatures were uncontrolled and rose as 
high as 110-112°F despite a coating of lime on the green­
house glass. 
Photoperiod Treatments 
Experiment 1 was designed for preliminary evaluation of 
the photoperiodic response of the 12 white clover clones. 
Plant material was brought into the greenhouse in September 
1956 for propagation. Growth of the new plants was poor, 
hence they were grown for 37 days after transplanting with 
a 12-hour photoperiod. On February 2, 1957, the potted plants 
were placed under photoperiods of 10, 12, 14, 16, and 18 
hours. For this purpose a 15-foot greenhouse bench was 
separated into sections by curtains which were raised and 
lowered daily. A larger curtain was pulled over all sections 
at about 5 P.M. each night so that all plants received only 
10 hours of normal daylight plus the indicated supplemental 
light. 
Three replicates of each clone were arranged randomly 
within each photoperiodic treatment. One incandescent lamp 
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was provided per photoperiodic chamber. Plants were observed 
daily for flowering and dates of appearance and number of 
blooms were recorded. Final counts were made on April 30 at 
the termination of the experiment. 
For field evaluation of floral response, experiment 2 
was planted on a Webster silt loam on the Iowa State Univer­
sity Agronomy Farm on June 13, 1957» The experiment was ar­
ranged in a randomized block design with 4 replications. 
Each plot consisted of a row of 12 plants spaced three feet 
apart. Rows were 40 inches apart. In 1957 plants were ob­
served daily and blooming dates were recorded. In 1958, 
dates of first bloom were recorded, but flowering throughout 
the season was recorded on the basis of bloom ratings of from 
1-10; 10 representing very heavy bloom and 1 representing 
sparse blooming. 
In the fall of 1957, experiment 3 "was initiated to 
measure the photoperiodic responses more critically. Treat­
ments consisted of all combinations of the following: 
(1) Photoperiods; 11-hour, l4-hour, 15-hour, 
l5"&-hour, 16-hour, and 18-hour. 
(2) Clones; Arizona, Michigan, Minnesota, 
135, 150, 224, 271, and 686. 
For this experiment a series of light-proof compartments 
was constructed on a 30-foot, east-west greenhouse bench. 
These cubicles were 50 inches deep, 44 inches high and 35 
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inches wide. The partitions between each chamber were opened 
during the day to increase lighting. Light-proof window 
shades were used to separate the photoperiod treatments at 
night. The backs (north sides) of the cubicles were covered 
with a light-proof canvas and five removable canvas covers 
were fitted on top. During the day the top covers were raised 
and the shades were run up to obtain maximum natural illumina­
tion. At night the shades were drawn between the compart­
ments, the top covers were lowered and a canvas curtain was 
drawn over the south or front side. 
Artificial illumination to lengthen the photoperiod was 
provided by four 40-watt white fluorescent tubes evenly 
spaced 8.5 inches apart in each cubicle. Within each compart­
ment there were also four 50-watt incandescent bulbs spaced 
in a rectangle between the fluorescent tubes. The light-
containing frames could be adjusted in height above the 
plants to give a uniform light intensity of about 850 foot 
candles in all chambers. Each compartment was controlled by 
a separate time clock. Half of the supplementary light in­
dicated for a given photoperiod was supplied in the evening 
and the other half in the morning. 
Curtains and shades were drawn at approximately 5:30 
P.M. and opened at 7:30 A.M. thus giving lighting of ten 
hours for the compartment with the shortest day length. 
For experiment 4 in the fall of 1958, four clones were 
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used and treatments included photoperiods varying by one-half 
hour intervals. Plants were established outdoors in 4-inch 
pots and brought into the greenhouse for treatment on 
September 17. Treatments consisted of all combinations of 
the following: 
(1) Photoperiods; 12-hour, 13-hour, 13i-hour, l4-hour, 
l4-|--hour, 15-hour, 15ir-hour, 16-hour, 
and 18-hour. 
(2) Clones : Arizona, Minnesota, 224, and 686. 
The fluorescent lighting facilities provided for experiment 
3 were used in this experiment. Five pots of each clone were 
arranged randomly within each chamber and re-randomized 
several times during the experiment. Observations were made 
on date and rate of flowering until the experiment was 
terminated after 135 days. 
To evaluate the floral response of the Minnesota clone 
away from the influence of greenhouse conditions, plants of 
this clone were planted outdoors in the soil between two 
greenhouses on July 4, 1959. Three groups of sixteen plants 
each were separated by 3-foot high plywood partitions and 
subjected to the following treatments : 
Normal daylength 
18-hour photoperiod, incandescent lamp 
18-hour photoperiod, fluorescent lamp 
The 60-watt incandescent lamp and a pair of 40-watt fluorés-
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cent tubes gave a light intensity of approximately 40 and 42 
footcandles above their respective chambers when hung at a 
distance of approximately 2\ feet above the soil surface. 
Observations on flowering were made throughout the summer 
until October 10, when the experiment was terminated. 
Previous experiments had shown considerable difference 
between the field and greenhouse response of the Minnesota 
clone. Experiment 10 was set up in an attempt to evaluate 
the effect of ultraviolet light as a possible factor causing 
the differential response. 
In each of two photochambers supplementary lighting, 
regulated by a time switch to provide an 18-hour photoperiod, 
was provided by four 40-watt fluorescent lamps mounted four 
feet above the bench. A GE type 8-2 sunlamp, which provided 
a source of ultraviolet light, was mounted between the 
fluorescent lamps. The sunlamps were illuminated for the 
entire 18-hour photoperiod. In one photochamber a 1/8-inch 
thick pane of window glass was mounted two inches beneath the 
sunlamp to prevent transmission of the ultraviolet portion 
of the spectrum. 
Ten plants of each of two clones were placed in each 
photochamber giving the following treatments : 
(1) Clones; Minnesota and 224 
(2) Light treatments ; ultraviolet light and control. 
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Temperature Treatments 
Experiment 6, designed to study the effect of natural 
fall conditions on floral induction, was started in the fall 
of 1958. Plants were grown outdoors in 4-inch pots sunk into 
the ground. On six dates, at 16-day intervals, 5 plants of 
each clone were moved into the greenhouse and allowed to grow 
with an 18-hour photoperiod. Flowering dates and nodes to 
first flower were recorded. The following treatments in all 
combinations were used: 
(1) Clones ; Arizona, Minnesota, 224, 686 
(2) Dates of transfer to the greenhouse; Sept. 16, 
Oct. 2, Oct. 18, Nov. 3, Nov. 19, and 
Dec. 5« 
In experiment 7, which was started in January 1959, the 
effect of cool temperature on four clones was studied. In a 
greenhouse, maintained at approximately 35°F, polyethylene 
covered growth chambers were constructed on three benches, 
as shown in Figure 1. Each of the three chambers contained 
two electric heating coils controlled with a thermostat, two 
fans for air circulation, and a maximum-minimum thermometer 
for daily temperature readings. On warm sunny days, especially 
toward the end of the experiment, the doors on the plastic 
cages were opened as needed to help maintain the desired cool 
temperatures. No supplementary lighting was provided in the 
cold room and the normal daylength (sunrise-sunset) ranged 
Figure 1. Polyethylene covered growth chambers for 
controlled temperature experiments 
Above: Closed position 
Below: Opened position 
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from approximately 9£ hours at the beginning of the cool 
treatments to 11 hours at the time the last plants were re­
moved from the cool room. 
In addition to the check plants, which received no chill­
ing, all combinations of the following treatments were ob­
tained: 
(1) Clones; Arizona, Minnesota, 224, 686 
(2) Temperatures ; 40°F, 50°F, 60°F 
(3) Duration of chilling; 2, 4, and 6 weeks. 
In addition, clones 224 and 686 were subjected to 3 and 6-day 
periods of chilling at the three temperatures. After the 
chilling treatments the plants were placed in a warm room 
(78°F) in which an l8-hour photoperiod was maintained. Here 
the dates and rates of blooming were recorded. 
Experiment 9 was initiated on February 10, 1959 for a 
further study the role of temperature treatment on floral 
induction of white clover. Plant material was limited during 
the winter of 1958-59* Therefore, plants from a previous 
experiment were clipped back and were maintained in a vegeta­
tive condition for four weeks prior to their use in this 
experiment. The three clones used were: Arizona, Minnesota, 
and 686. Five replications were used and the plants were 
grown with a 10-hour photoperiod in combinations of warm 
(78°F) and cold (40°F) temperature conditions for three weeks, 
after which they were all transferred to a warm greenhouse 
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and 18-hour photoperiod. The treatment combinations for each 
clone were: 
warm day - warm night 
warm day - cold night 
cold day - warm night 
cold day - cold night 
Observations were made on date of blooming for a 50-day 
period following treatments. 
Temperature-Photoperiod Experiments 
Experiment 5 was an exploratory study which involved 
taking plugs of plant material from the field on October 25, 
1957» potting them, and subjecting the plants to normal and 
18-hour photoperiods, both in the warm greenhouse and out­
doors sunken in a gravel bed for three weeks. When the 
plants were brought indoors from the cold treatment they were 
kept under the same photoperiodic treatment as when outdoors. 
Three replicates were used and the treatments consisted of 
all combinations of the following: 
(1) Clones; Minnesota, 224, and 686 
(2) Photoperiods; Normal (9-hour) and 18-hour 
(3) Temperature conditions; Direct to greenhouse and 
3 weeks cold. 
Flowering date was recorded for the first 72 days after 
introduction into the greenhouse. 
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Experiment 8 was set up with all possible combinations 
of the following treatments on January 10, 1959: 
(1) Clones; Louisiana white, Minnesota, 224, 
and 686 
(2) Temperatures ; 78°F and 38°F 
(3) Daylengths; short 10, med. 14, and long 18. 
Plywood partitions separated the daylength treatments 
and a curtain was drawn over the plants, allowing all to have 
a 9 to 10-hour period of natural illumination while two re­
ceived supplementary lighting. Following these treatments 
all plants were moved to an 18-hour day at 78°F, after which 
the number and date of flower appearance was recorded for 
a period of 68 days. 
Experiment 11 was started in July of 1959» Vegetative 
plants of the Arizona clone were subjected to 3-week pre-
treatments of short days (10-hour), long days (18-hour), or 
short cold days (40°F). The low temperature was provided by 
a walk-in refrigerator in which fluorescent lights were in­
stalled for a source of light. Treatment was completed on 
July 17. Each set of 20 plants was then divided and grown 
with either a short or long photoperiod, during which time 
blooming dates were recorded. 
Chemical Treatments 
Three experiments were carried out to determine the ef­
fects of chemical treatments on floral response of several 
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clones in the greenhouse and in the field. The chemicals 
and concentrations used were: 2,3,5-triiodobenzoic acid as 
an anti-auxin, 10 ppm; naphthalenacetamide as an auxin, 10 
ppm; and gibberellic acid, 200 ppm. With Tween-20 as a wet­
ting agent the materials were applied with a hand pressure 
sprayer until the foliage was wet. After four applications 
at weekly intervals, observations were made on date and 
amount of flowering. 
Material for experiment 13 was planted in the field on 
June 12, 1959* Ten replications were used in a randomized 
block design with a plant of each clone used being in each 
plot. Spray treatments were applied to the plots. In the 
belief that previous growing conditions might affect the 
response to the sprays the clones used were Minnesota and 
Arizona, previously grown on short days and long days, and 
224, previously grown on short days, thus giving plant materi­
al of five types. 
Ten replications were also used in the spray treatments 
applied to experiment 14 and 15 in the greenhouse. In 
experiment l4 three types of plant material were used : 
Minnesota long-day and short-day plants and 224 grown on 
short days. The plants remained on short day (10-hour) 
conditions for the duration of the experiment. Experiment 
15 involved the use of long-day and short-day Arizona and 
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Minnesota plants started on long days. These plants were 
subjected to long days for the duration of the experiment. 
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EXPERIMENTAL RESULTS 
Effects of Photoperiod 
As a preliminary experiment, 3 white clover and 9 Ladino 
clones were grown for 87 days under 5 photoperiods. Measure­
ments taken included number of days to first bloom, total 
number of blooms by date, and total stolon length per pot at 
the end of the period. 
As indicated in Table 1, clone 686 remained vegetative 
under all photoperiods. The remainder of the Ladino clones 
did not bloom under photoperiods of less than 16 hours. The 
Michigan and Minnesota clones produced few blooms. Arizona 
white clover flowered best with a 12-hour photoperiod and 
flowered poorly under long days. 
Although Arizona white clover flowered best with a 12-
hour photoperiod, it may be seen in Table 2 that those plants 
which flowered did so more quickly as the length of the photo­
period was increased. Five of the six Ladino clones which 
flowered under both 16 and 18-hour photoperiods did so sooner 
with an 18-hour photoperiod. 
Mean length of stolon growth per pot show no conspicuous 
growth pattern of the Ladino clones relative to day length. 
The wild ecotypes of white clover produced thinner and longer 
stolons than Ladino clover. It is readily seen in Table 3 
that Arizona white clover produced better growth under the 
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Table 1. Total number of flowering heads on three plants 
of 14 white clover clones in relation to length 
of photoperiod 
Clone Photoperiod (hrs.) 
10 12 14 16 l5~ 
Arizona 11 44 7 3 2 
Michigan 111-2 
Minnesota - - - 6 -
Good seed setting clones 
224 — — — 21 l6 
236 ---44 
271 - 11 15 
33O — - - 2 -
Poor seed setting clones 
135 - 12 17 
150 - - - 2 8 
213 _____ 
229 - - - 9 19 
Vegetative clone 
686 _____ 
short photoperiods which were at the same time more promotive 
of flowering. 
Plants of the clones used in experiment 1 were set in 
the field on June 6, 1959? for field evaluation. Planting 
had been delayed by dry field conditions and growth was slow 
for a period following planting. Observations on 48 plants 
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Table 2. Number of days to first bloom (avg. of three pots) 
Clone Photoperiod (hrs . )  
10 12 14 16 18 
Arizona 59 4l 4l 42 36 
Michigan 
* 
V V 69 V 77 
Minnesota V V V 64 V 
Good seed setting clones 
224 V V V 46 43 
236 V V V 53 60 
271 V V V 50 46 
330 V V V 60 V 
Poor seed setting clones 
135 V V V 53 44 
150 V V V 80 47 
213 V V V V V 
229 V V V 55 44 
Vegetative clone 
686 V V V V V 
* 
v = vegetative. 
of each clone showed a highly variable pattern of flowering 
even among plants within a clone. The rate at which the 
plants bloomed is indicated in Figure 2. Six clones, in­
cluded in later experiments, are plotted and represent all 
ranges of response. Minnesota white clover remained vegeta-
Figure 2. First year flowering response of white 
clover clones planted June 6, 1957 
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Table 3. Mean length of stolon growth (cm per plant) grown 
in greenhouse 1956-57» Avg. of three plants 
Clone Photoperiod 
10 12 14 16 18 
Michigan 266 233 329 323 519 
Minnesota 234 365 314 263 272 
Arizona 255 212 163 157 109 
224 33 51 18 32 16 
236 35 21 25 27 9 
271 15 67 57 44 51 
330 59 13 7 20 15 
135 30 25 8 14 17 
150 9 19 5 7 5 
213 54 21 21 52 34 
229 79 64 43 47 32 
686 74 55 29 79 37 
tive during the first summer's growth; only one flower head 
was recorded from the 48 plants. Clones 224 and 135 flowered 
well during July. Several other clones flowered rapidly 
during early August. 
Growth habits of the clones in the field at the end of 
the first year (Oct. 5) are illustrated in Figure 3» Clone 
686 was the largest Ladino type. Clones 135 and 213 were semi-
prostrate, particularly at this season. 
Experiment 3 involved a second greenhouse evaluation, 
Figure 3. Growth pattern of plants evaluated in the 
field in 1957 
Top row: Michigan, Minnesota, Arizona, 224 
Center row: 236, 271, 330, 135 
Bottom row: 150, 213, 229, 686 
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t 
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using eight clones which had been tested the previous winter. 
As in 1956-57, Michigan and Minnesota white clover bloomed 
poorly. Ladino clone 686 remained vegetative under all 
conditions. 
Total number of blooms produced is shown in Table 4. 
Table 4. Number of flowering heads in white and Ladino 
clovers after induction under different photo­
periods, 1957-58. Total heads from 3 pots 
Clone Photoperiod (hrs.) 
11 14 14» 15 15* 16 16£ 
Arizona 8 18 13 8 10 14 7 
Michigan 3 - 2 1 - 2 2 
Minnesota 3 - - - - 1 1 
224 - 4 10 16 23 19 23 
271 1 4 12 17 17 17 17 
135 - - 1 - 11 12 9 
150 - - - - - 7 9 
686 
Clones 224 and 271 bloomed well at photoperiods longer than 
14^- hours. Figure 4 shows that these two clones bloomed ap­
proximately 19 days sooner for each hour increase in length 
of photoperiod above 14 hours. Arizona white clover showed 
no such trend and the average number of days to flower with 
the Arizona strain was 25 to 35 days from the start of the 
experiment for all photoperiods. 
Figure 4. Scatter diagram showing the relationship be­
tween days to first flower and length of 
photoperiod. Clone 224 above; clone 271 below 
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PHOTOPERIOD 
Effect of photoperiod on the number of 
days to first bloom. 
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Experiment 4 involved the evaluation of two common and 
two Ladino clones under nine photoperiodic treatments in the 
greenhouse during the fall and winter of 1958-59» The total 
numbers of blooms recorded during the 135-day period are 
shown in Figure 5» Arizona white clover flowered best under 
the shorter photoperiods, while Ladino clone 224 flowered 
best under the longer photoperiods. The few blooms recorded 
for the Minnesota and Ladino 686 clones, occurred under the 
longer photoperiods. 
Experiment 12 was set up to evaluate the effect of day-
length on the flowering of Minnesota white clover under out­
door conditions. The plants had had no exposure to low 
temperature when they were set out in July 1959» Supplemental 
lighting was provided to extend the photoperiod for half (16) 
of the plants to 18 hours. No flowering occurred on either 
the check or supplementally lighted treatments as late as 
October 10, when the experiment was ended. 
In the spring of 1959 experiment 10, involving the 
growth of Minnesota white clover and Ladino clone 224 in the 
greenhouse under two light treatments was initiated. For 
each treatment the natural daylight was supplemented and ex­
tended with light from a sunlamp, however, a pane of window 
glass was mounted beneath the lamp for one treatment to filter 
out the ultraviolet radiation. 
Table 5 shows the results obtained from two successive 
Figure 5« Total number of blooms produced by white clover 
clones in relation to photoperiod. Grown in 
the greenhouse winter 1957-58 
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Table 5» Effect of light quality on flowering of white 
clover clones 
Clone Treatment Chi a 
Plants Total screened out value 
flowering blooms Plants 
flowering 
Total 
blooms 
First test 
224 5 80 5 80 0 
Minnesota 3 8 5 15 2.13 
Second test 
224 10 72 10 52 3.22 
Minnesota 9 40 10 53 1.30 
'X .95 ~ 3,8If* 
series of plants receiving these light treatments. Treatments 
were applied to five plants of each clone in the first series ; 
10 plants were used in the second series. The duration of 
the evaluation period was not the same for the two series. 
Using the chi-square statistic as an index of dispersion 
to test the hypothesis that the proportion of flower heads 
under each treatment is 0.5, the hypothesis is not rejected 
at the 5 per cent level of significance. 
Effects of Temperature 
In experiment 6, potted plants of two Ladino clones and 
two white clover clones were transferred at 16-day intervals 
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from natural fall conditions to a warm greenhouse and an 
18-hour photoperiod. The number of flower heads produced 70 
days after the transfer are recorded in Figure 6. 
Minnesota and Arizona clones showed an increase in 
flowering with increasing length of exposure to natural fall 
conditions. Ladino clones 224 and 686 did not show this 
marked response. Arizona white clover transferred to the 
greenhouse on Sept. 16 did not flower. The average number 
of days to first bloom is recorded in Table 6. Arizona white 
clover flowered in less time after transfer when the plants 
were left in the field for the longest period of time. Clone 
224 continued to produce flower heads until the experiment 
was terminated. The remaining three clones ceased blooming 
between 50 and 60 days after transfer into the greenhouse. 
Many of the last flowers formed on the Arizona and 686 clones 
were "vegetative flowers" similar to the type found on plants 
Table 6. Days to first bloom after transfer to greenhouse 
and 18-hour photoperiod. Avg. of 5 plants 
Clone Date 
September October November 
16 2 18 2 18 
Arizona - 34.2 29.2 30.2 24 
Minnesota 42.0 4l.O 38.2 38.2 37.6 
224 44.2 43.2 47.2 47.0 41.2 
686 44.8 33.8 39-8 45.4 4l 
Figure 6. Effect of natural fall conditions on flowering 
of white clover. Plants transferred to warm 
greenhouse and 18-hour photoperiod 
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DATE OF TRANSFER 
TO GREENHOUSE 
A - SEPT. 16 
B - OCT. 2 
C - OCT. 18 
D - NOV. 2 
E - NOV. 18 
MINN. ARIZ. 
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2 
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grown under threshold conditions, as described by Biddulph 
(4). 
Experiment 7 was run during the winter of 1958-59* Two 
common white and two Ladino clones were held for varying 
periods of time in three growth chambers maintained at dif­
ferent temperatures. Minimum temperatures were controlled 
to + 3°F, however, because of heating by solar radiation the 
maximum temperatures varied considerably. Mean weekly tem­
peratures, averaged from daily maximum-minimum temperature 
readings, are given in Table 7. As a result of breakage of 
the plastic on the door of the 40°F chamber on the 10th night 
of the experiment the plants in this chamber received some 
cold injury. 
Table 7« Weekly mean temperatures recorded in controlled 
temperature chambers. Avg. of daily maximum-
minimum readings 
Week Temperature chamber 
40° F 50° F 60° F 
1 43.4 48.3 56.4 
2 48.4 59.6 69.1 
3 44.2 47.9 60.4 
4 42.3 51.6 61.4 
5 47.7 53.6 62.5 
6 46.4 53.6 62.6 
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The effect of the cold treatment on the flowering of the 
four clones is shown in Table 8. There was no effect of 
temperature on the flowering of the two Ladino clones which 
were placed in the cold treatments for 3 or 6 days. Clone 
686 flowered poorly in all treatments but 4 or 6 weeks of 
cold temperature increased flowering significantly. General­
ly, the treated plants produced more blooms than the control 
plants. An analysis of variance (Table 9) of the total number 
of flower heads for 2, 4, and 6 week periods of treatment 
shows that for all clones combined the increase in flowering 
for 4 or 6 weeks approached significance. 
The response of Arizona, Minnesota, and Ladino 224 
clones are illustrated in Figure ?• In interpreting these 
results allowance should be made for some cold injury to the 
plants in the 40° treatment, and to earlier floral development 
at 60° when this treatment was adequate for induction. 
In experiment 9 Arizona and Minnesota white clover and 
Ladino clone 686 were grown in the greenhouse under a normal 
daylength (about 10^- hours) and were given four temperature 
treatments for three weeks, after which the plants were 
placed in a warm greenhouse under an 18-hour photoperiod. 
The results in Table 10 indicate the relative importance of 
night temperatures in the induction of these plants. 
Analysis of variance of the mean number of flowers per treat­
ment for each clone is shown in Table 11. The cold day-warm 
Table 8. Total number of blooms per 5 pots, 100 days after transfer from cold 
temperature treatments 
Clone Duration 
Temperature 
(°F) 
CK 
78 
3 da 
40 50 60 
6 da 
40 50 60 
Treatment 
2 wk 
40 50 60 
4 wk 
40 50 60 
6 wk 
40 50 6O 
22k 86 75 76 68 95 86 73 87 96 84 121 118 154 121 174 174 
686 3 6 3 5 4 2 2 5 3- 8 14 ll 13 14 7 
Arizona 30 27 51 57 47 69 52 38 62 44 
Minnesota 8 18 19 13 24 46 34 40 32 10 
Figure 7. Number of flowering heads in white clover after 
induction under different temperature treatments 
for varying periods of time. Developed in 
warm greenhouse for 100 days 
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DURATION 2 WEEKS 4 WEEKS 6 WEEKS-
COLD TREATMENT 
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Table 9. Analysis of variance of part of the data in 
Table 8 for 2, 4, and 6 weeks of cold treatment 
Source of variation df MS 
Replication 3 73,243.8 
Treatment: (2) 5,436.18 
2 weeks vs (4+6 weeks) 1 I0,795.0la 
4 vs 6 weeks 1 77.35 
Error 6 2,119.38 
aFor 2 weeks vs (4 + 6 weeks) F = 10,79 5.01/2,119.38 
= 5.09, f.o5= 5.14. 
night treatment gave significantly fewer flowers than the 
cold day-cold night treatment. 
During the summer of 1958 a record of second-year 
flowering was taken on the plants remaining from the first 
field evaluation study (experiment 2). The plants within 
Table 10. Effect of combinations of day and night treatments 
on floral induction of white clover. Total blooms 
from five plants 
Clone Treatment 
AWarm day- j£old day- cCold day- DWarm day-
warm night cold night warm night cold night 
Arizona 19 (4)a 38 (5) 14 (5) 20 (4) 
Minnesota 6 (1) 16 (5) 4 (2) 12 (4) 
686 7 (3) 15 (5) 3 (3) 13 (4) 
aNumber of plants flowering. 
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Table 11. Analysis of variance of the mean number of flower 
heads per treatment in Table 10 
Source of variation d.f. MS 
Clones 2 7.05 
Treatments : (3) (4.32) 
(B + C) vs. (D + A) 1 1.76 
C vs. B 1 10.66* 
D vs. A 1 .54 
Error 6 1.75 
* 
Significant at the 5 per cent level. 
each clone were more uniform with respect to date of first 
bloom than they were in: 1957. The average date of first 
bloom, presented in Table 12, shows that the common white 
clovers began flowering approximately two weeks earlier than 
the Ladino clones. 
Ratings of bloom, given at several dates during the 
summer, are shown for five of the clones in Figure 8. 
Arizona, Minnesota, and Michigan white clover bloomed more 
profusely in June than the Ladino clones. Ladino clone 224 
flowered in a regular manner throughout the summer. In 
contrast to its failure to flower in 1957, the Minnesota 
clone continued to show 20-30 blooms per plant until August. 
This difference is assigned to the effect of exposure of the 
plants to cold temperatures in the field during the winter 
Figure 8. Second year flowering response of white clover 
clones planted in 1957 
Bloom rating: 
10 - excellent bloom 
5 - moderate bloom 
1 - poor bloom 
6 5  
9-
CD 
Z 6-
I-
< 
OC 
DO 
271 -
224 -
ARIZ. 
MICH. 
MINN. 
7-7 8-2 6-21 7-17 9-1 
DATE 
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Table 12. Average date to first bloom in field 1958 
Clone Date 
Arizona May 15 
Michigan May 19 
Minnesota May 19 
135 June 4 
330 June 4 
236 June 6 
213 June 7 
229 June 7 
271 June 9 
686 June 9 
150 June 10 
224 June 13 
of 1957-58. 
Combined Effects of Photoperiod and Temperature 
Experiment 5 was an exploratory study which involved 
photoperiod-temperature interactions. Three clones were 
grown under short and long photoperiods in a warm greenhouse 
and outdoors until November 15. The outdoor plants were then 
transferred to the greenhouse and grown under the same photo­
periods as before. The total number of blooms produced 72 
days after transfer to the warm greenhouse is shown in Table 
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13. All clones showed a definite response to low temperature. 
Clone 224 did not flower on short days without cold treat­
ment. Clone 686 showed essentially no flowering without cold 
treatment. 
Table 13. Results of exploratory experiment on the effect 
of daylength and temperature on flowering of 
white clover. Total number of blooms produced 
after transfer to a warm greenhouse 
Clone Replication Treatment 
Direct to greenhouse Outdoors 
LD SD LD SD 
224 1 7 0 5 6 
2 7 0 7 14 
3 8 0 5 4 
686 1 0 0 0 3 
2 1 0 0 3 
3 0 0 0 5 
Minnesota 1 0 0 3 0 
2 0 0 4 7 
3 0 0 6 1 
In experiment 8 four clones were grown under 10, 14, and 
18-hour photoperiods in a warm or a cold greenhouse for five 
weeks, after which they were all placed on the same bench in 
a warm greenhouse under an lô-hour photoperiod. Flowering 
dates were recorded for 68 days after the plants were placed 
in a warm house and an lô-hour photoperiod. Results are 
given in Table 14. No consistent response to cold treatment 
was shown by these plants, possibly because they had been 
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Table 14. Effect of 5-week daylength and temperature treat­
ments on flowering of white clover clones grown 
in greenhouse in 1959 
Clone Temperature Warm (78e 'F) Cold (40e 'F) 
Photoperiod 10 14 18 10 14 18 
Louisiana Blooms 16 8 16 7 35 19 
No plants 4 2 3 2 5 4 
Minnesota Blooms 30 53 8 4l 40 34 
No plants 5 5 3 5 5 5 
224 Blooms 95 93 61 77 78 64 
No plants 5 5 5 5 5 5 
686 Blooms 37 25 9 13 28 11 
No plants 4 5 3 5 5 4 
held for some time and clipped back severely before being 
used. 
For experiment 11, plants of Arizona white clover were 
grown in the greenhouse during the summer of 1959* The 
number of flower heads produced following 3-week treatments 
of short or long days or continuous cold and short days are 
recorded in Table 15. Typical plants are shown in Figure 9» 
Exposure to short days was as effective as short days 
and continuous cold for floral response. Long day condi­
tions were adverse for flowering of this clone. 
Effect of Chemical Treatments 
In experiment 13 three chemical spray treatments were 
applied to plants of Arizona, Minnesota and Ladino clone 224 
Figure 9- Flowering of Arizona white clover as affected 
by photoperiod and temperature 
Treatments : 
(1) short day - long day 
(2) short day - short day 
(3) short day - long day (at 40°F temperature 
day and night) 
(4) short day - short day (at 40°F temperature 
day and night) 
(5) long day - long day 
(6) long day - long day 
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Table 15. Floral response of Arizona white clover to photo­
period and temperature treatments 
Treatment Plants flowering Total blooms 
Short day - long day 8 17 
Short day - short day 5 11 
Short day - long day 7 11 
Short day - short day 9 20 
Long day - long day 0 0 
Long day - short day 1 1 
^Temperature 40°F during short-day treatments. All 
others at summer temperatures. 
growing in the field in the summer of 1959. Plants used for 
the experiment had been propagated from cuttings taken from 
plants previously grown on either long or short days. Sprays 
were applied at four, weekly intervals. A cumulative weekly 
count of flower heads was recorded. 
Arizona white clover was the only clone which flowered. 
The total flowering heads which had appeared by each date is 
shown in Table 16. Flowering of Arizona plants, propagated 
from short-day plants, was more rapid than the flowering of 
plants propagated from long-day plants. Total flower heads 
produced on the Arizona clone was uniform for all plants by 
September 4 except for those sprayed with gibberellic acid. 
This later flowering was due to the natural shortening of 
the day length in the field. 
Plants flowering at the time of treatment continued to 
flower when sprayed with gibberellic acid but produced mal-
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Table 16. Effect of chemical sprays on total flower heads 
produced on Arizona white clover. Cumulative 
total for 10 plants 
Treatment 
8/7 
Date 
8/21 9/4 
Control SDa 10 19 29 
LD 3 8 31 
Gibberellic acid SD 13 14 18 
LD 1 1 1 
Naphthalena c etamid e SD 12 23 31 
LD 2 2 32 
Triiodobenzoic acid SD 21 25 26 
LD 0 2 23 
^Indicates length of photoperiod of plant from which 
cuttings were made for this experiment. 
formed flower heads. Flowering was retarded in the gib­
berellic acid treated plants of the Arizona clone propagated 
from the long day plant material. Stem elongation of plants 
treated with gibberellic acid is shown in Figure 10. Stolons 
of treated plants grew erectly, the dwarf type showing the 
most response. 
Spray treatments (in experiment 14), involving the same 
three chemicals, were used on plants of Minnesota and Arizona 
clones which had been propagated from plants previously 
grown under long or short days, and on Ladino clone 224, 
propagated from plants grown on short days. The plants were 
grown under a 10-hour photoperiod. Only one flower head was 
produced in the experiment during the summer. 
Figure 10. Effect of gibberellic acid on growth of dwarf 
and giant types of white clover 
Upper left: Arizona, check 
Upper right: Arizona, gibberellic acid 
Lower left: 224, check 
Lower right: 224, gibberellic acid 
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Experiment 15 was designed as above except that it did 
not include Ladino clone 224 and plants were grown under an 
18-hour photoperiod. No plants flowered during this experi­
ment. 
76 
DISCUSSION 
Plants used in this study illustrate many aspects of 
photoperiodism. Plants which originate in southern latitudes 
generally require short days for flowering. This is shown 
by the flowering habits of the Arizona white clover. Maximum 
flowering of the Arizona clone was obtained with 12 to 14 
hour photoperiods in three greenhouse experiments. 
As with other short day plants when brought north, the 
Arizona clone flowers poorly or not at all under long-day 
conditions. In the preliminary field evaluation experiments, 
Arizona white clover did not commence blooming until about 
July 30) after which the percentage of plants blooming rose 
rapidly. During the second year in the field, flowering was 
profuse in the early spring but declined during the summer 
when other clones continued to bloom well ; flowering again 
increased as the daylength became shorter. A record of the 
stolon growth shows that maximum stolon growth as well as 
maximum flowering occurred at the shorter daylengths. Arizona 
plants made very little vegetative growth during the long 
summer days. 
Evidence for the maintenance of floral induction was 
obtained in Arizona cuttings. When cuttings were taken from 
plants grown under short days (10 hr.) the plants produced 
flowered for a time under 18-hour days. Where conditions 
were such, as here, that Arizona plants flowered under long 
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days, flowering was hastened by the long photoperiod. It is 
assumed that long days favored the growth of flowers already 
initiated, or at least past the induction stage. 
In other experiments non-induced Arizona plants failed 
to bloom on long days, but plants transferred to short days 
for three weeks flowered after being returned to long-day 
conditions. The Arizona plants grown in the field for spray 
treatments showed the effect of prior photoinduction by short 
day conditions. Those plants kept on short days and trans­
ferred to the field in mid-summer flowered early, but those 
previously kept under long photoperiods failed to produce a 
significant number of flower heads until after August 21. 
The use of seedlings would have eliminated this effect but 
would have resulted in less homogeneous plant material. 
Minnesota white clover did not bloom in the first year 
of field planting, but flowered profusely throughout most of 
the second summer. This response suggested a pronounced ef­
fect of cold temperature exposure in the field. The Min­
nesota clone did, however, flower in the greenhouse during 
the winter without cold treatment. To determine if this 
response was due to the lengthening of the day, plants of 
this clone were planted outdoors in the summer of 1959 and 
were given normal or extended daylength with supplementary 
light from fluorescent or incandescent lamps. No flowers 
appeared. 
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Flowering in the greenhouse under 18-hour days without 
cold treatment and failure of similar plants to flower under 
normal summer daylengths suggested that ultraviolet light, 
present in sunlight but filtered out by greenhouse glass, 
might be a factor in flowering. Tests with a sunlamp were 
inconclusive, and more work on the problem is needed. There 
is a possibility that the Minnesota plants that flowered in 
the greenhouse under long days received enough chilling from 
fluctuating greenhouse winter temperatures to cause induction 
of the flowering response. Temperatures in the range of 60-
65°F have been reported to effect floral induction, and our 
experiments indicated (Table 9) that cold nights and warm 
days were as effective in flowering of the Minnesota clone 
as continuous cold. 
Arizona white clover also responded to cool temperatures 
as well as short days. This is not unexpected since it is 
grown as a winter annual during the cool season in the south. 
Cold-day temperatures with warm nights did not hasten flower­
ing. The data from the experiment on effect of combinations 
of day and night temperature treatments, coupled with other 
temperature experiments, suggest that either cold days and 
nights or cold nights with warm days increased the flowering 
of the Minnesota white clover and Ladino clone 686. 
Comparison of the earlier flowering of the wild ecotypes 
with that of the Ladino clones during the second year in the 
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field shows that more than temperature response is involved. 
Assuming very generally that a 30-day period is necessary for 
floral expression, it is of interest to note that the day-
length 30 days prior to flowering was about 13£ hours for the 
wild ecotypes and l4£ hours for the Ladino types. This re­
lationship indicates that the temperature treatment did not 
make the plants independent of day length. 
Modification of the response to short days by cold tem­
perature treatments in the preliminary experiment on day-
length-temperature interaction illustrates how clone 224, 
686, and Minnesota flowered under short-day conditions after 
cold treatment. 
The lack of agreement in the daylength-photoperiod inter­
action study in the greenhouse in 1959 with previous data may 
possibly have been due to alteration of the plants processes 
as a result of severe clipping back prior to the treatments. 
Information on flower induction and/or initiation with re­
spect to leaf removal would be highly desirable. Clipping 
of clover in the field is reported to favor heavier blooming. 
Under the conditions of the experiments, chemical spray 
treatments had no accelerating effect on the flowering of 
the clones used in this study in either the field or green­
house. Gibberellic acid is not known to induce flowering in 
short day plants, and it delayed the flowering of Arizona 
white clover in the field. Gibberellic acid did not increase 
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flowering of long day plants in the field or greenhouse at 
the concentrations used. Failure of the control plants to 
flower under inductive day lengths is attributed to the high 
summer greenhouse temperatures. Such conditions might also 
prevent a response which might have occurred under other 
conditions. 
The study shows clearly that both daylength and tem­
perature may be important factors in the flowering of white 
clover; that clones vary in their response to each or to 
combinations of the two factors ; and that an understanding 
of the two is essential for adequate evaluation of possible 
genetic shifts in populations which may come about as a 
result of seed production in an area apart from where the 
seed will be used. The influence of temperature and daylength 
is of considerable importance in greenhouse work where re­
production of seasonal conditions is desirable to accelerate 
plant development or to keep plants in a vegetative stage. 
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SUMMARY 
Greenhouse and field studies were conducted during the 
period 1956-59 to determine the effects and interactions of 
cold temperature, photoperiod, and chemical spray treatments 
on the floral development of white clover. Nine clones of 
Ladino clover and ecotypes of common white clover from 
Arizona, Michigan, and Minnesota were used for the study. 
Photoperiodic responses varied from short-day type for 
the Arizona clone to long-day type responses for the Ladino 
clones. Long-day types flowered earlier as the length of the 
photoperiod was increased. Previously inducted plants of the 
Arizona clone flowered earlier but less profusely as the 
photoperiod was lengthened, suggesting that the primary effect 
of long day on this clone is to hasten the development of 
flowers already initiated. Uninducted plants of the Arizona 
clone did not flower under long photoperiods. The greatest 
variability among the Ladino types was observed near the 
threshold daylengths of 14 to 15 hours. These daylengths 
allowed the best separation of photoperiodic responses. 
Flowering of the wild ecotypes was markedly increased 
by exposure to cool fall conditions. The role of temperature 
appears to be of considerably greater significance in the 
flowering of some clones of white clover than previously 
noted. The Minnesota clone appeared to have an obligate 
requirement for cold temperature induction. 
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With clones in which flowering was increased by low-
temperature induction, the response was to low night tempera­
ture and independent of day temperature. This contrasts with 
photoperiod reactions, which require warm nights, and 
emphasizes that the low temperature response is a separate 
one. 
Under conditions of the experiment chemical spray treat­
ments did not increase flowering. Gibberellic acid delayed 
or prevented flowering of the Arizona clone. 
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